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Formation of a Novel Yttrium Hydride with Bridging 1,2,3,4-Tetramethylfulvene and 
Hydride Ligands 
Klaas H. den Haan and Jan H. Teuben* 
Department of Inorganic Chemistry, Rijksuniversiteit Groningen, Nijenborgh 16, 9747 AG Groningen, The 
Netherlands  
Thermolysis of [(C5Me5)2YH]2 in n-octane or benzene yields (C5Me5)2Y(µ-H)Y(η5-C5Me4CH2)(C5Me5), a bis-yttrium-
monohydride in which a tetramethylfulvene ligand bridges in a σ-η5 manner between the yttrium atoms; the 
hydride bridge is asymmetric showing two yttrium-hydrogen coupling constants in the 1H n.m.r. spectrum. 
Hydrogen abstraction from a pentamethylcyclopentadienyl 
group to give a tetramethylfulvene ligand probably plays a 
crucial role in processes like H-D-exchange and C-H-
activation with permethylmetallocene derivatives of early 
transition metals and f elements.1 The tetramethylfulvene 
ligand is interesting since it can bond in several ways: as a 
‘tucked in’ cyclopentadienyl-alkyl (I),2 as a six-co-ordinate 
fulvene (II),3 and also as a bridging η5-cyclopentadienyl-σ-
alkyl (III).4 
As part of a project on permethylyttrocene derivatives we 
tried to prepare yttrium-fulvene systems. We followed an 
approach that proved to work well for titanium, e.g. thermo-
lysis of compounds (C5Me5)TiR (R = H or alkyl).5 By analogy 
with (C5Me5)2TiH, we expected that reaction (1) would occur. 
[(C5Me5)2YH]2 — 2 (C5Me5)Y(CH2C5Me4) + 2H2 (1)
However on thermolysis of [(C5Me5)2YH]2 (1)6 at 100 °C only 
half of the expected amount of hydrogen was liberated. A red 
crystalline organo-yttrium compound compatible with the 
stoicheiometry (C5Me5)2YH(C5Me5)Y(CH2C5Me4) was isol-
ated. Spectroscopic evidence (1H and 13C n.m.r., i.r.) 
identified the compound as compound (2), the proposed 
structure  for  which  is  illustrated. The  n.m.r.  spectra† espe- 
 
† Compound (2), 1H n.m.r. (360 MHz, C6D6, 25 °C, J values in Hz): 
δ 1.19 (d, 2H, 2JYH 4.10, Y-CH2), 1.92 (s, 15H, C5Me5Y), 2.02 (s, 6H,
2 × α-C5Me4CH2), 2.04 (s, 6H, 2 × β-C5Me4CH2), 2.10 [s, 30H, 
(C5Me5)2Y], and 3.77 (dd, 1H, 1JYH 47.80 and 29.45, Y-H-Y); 13C 
n.m.r. (50.3 MHz, C6D6, 25 °C, J values in Hz): δ 11.40 (q, 1JCH
126.33, β-C5Me2Me2), 11.52 (q, 1JCH 124.56, C5Me5Y), 11.74 [q, 1JCH
125.40, (C5Me5)2Y], 14.07 (q, 1JCH 125.23, α-C5Me2Me2), 35.97 (ddt, 
1JCH 120.17, 2JCH 6.51, 1JYC 35.60, Y-CH2), 114.14 (s, ring-β-
C5Me4), 116.19 [s, (C5Me5)2Y], 118.07 (s, ring-α-C5Me4), 119.88 (s, 
C5Me5Y), and 148.03 (d, 2JYC 3.97, ring-CH2-C). 
cially provide conclusive evidence on the bonding of the 
ligands. 
Both 1H and 13C n.m.r. data† show the C5Me5 ligand 
resonances at normal positions; the coupling constants (1JCH) 
of the methyl groups are as expected for sp3 C-H bonds. The 
intensity ratio of the 1H resonances indicates the presence of a 
(C5Me5)Y and a (C5Me5)2Y unit. 
The resonances of the tetramethylfulvene ligand are com-
patible with a mirror plane perpendicular to the five-
membered ring, including the methylene carbon atom, the 
two yttrium atoms, and the hydride ligands. The methyl 
groups show two 1H n.m.r. singlets at δ 2.02 and 2.04 
(intensity ratio 1 : 1). The methylene group at δ 1.19 has the 
correct intensity and is split into a doublet by second-order 
coupling to the yttrium atom to which it is bonded (2JY-H 4.10 
Hz). In the 13C{1H} n.m.r. spectrum the ring carbon 
resonances are found at δ 114.14, 118.07, and 148.03. The 
methyl carbons show two signals at δ 11.40 and 14.07 with 
normal sp3 C-H bond coupling constants, 1JCH. The methy-
lene carbon resonance, δ 35.97, is split into a double triplet 
by coupling with two equivalent protons (1JC-H 120.17 Hz) 
and one yttrium nucleus (1JY-C 35.60 Hz), and there is a 
second-order coupling with the bridging hydride (2JCH 6.51 
Hz). The yttrium-carbon coupling constant is virtually the 
same as found in (C5Me5)2YCH(SiMe3)2,6 and is indicative of 
a normal Y-C σ bond. 
The bridging hydride resonates at δ 3.77 and is split into a 
double doublet by interaction with two inequivalent yttrium 
nuclei (1JY-H 47.80 and 29.45 Hz). It seems reasonable to 
assign the larger coupling constant to a more or less regular 
Y-H σ-bond although the value is somewhat low. For the 
terminal Y-H in the monomeric (C5Me5)2YH·THF, 1JY-H is 
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in full agreement with an asymmetric 3-centre-2-electron 
hydrogen bridge. 
The i.r. spectrum‡ shows two Y-H absorptions at 1240 and 
660 cm-1, which shift on deuteriation to 885 and 470 cm-1
respectively in agreement with the theoretical shift (calc. 
νY-H/νY-D 1.41; found 1.401 and 1.404 respectively). The high 
energy vibration is identical to that found in [(C5H4Me)2-
YH·THF]2.8 
The reactivity of complex (2) is interesting. A solution of 
(2) in [2H6]benzene shows at room temperature a gradual 
decrease of the hydride resonance at δ 3.77 and a concomitant 
increase of the residual proton signal of [2H6]benzene at δ
7.16. All other resonances remain at exactly the same 
positions with no changes in multiplicity or intensity. This 
form of H/D exchange, which is limited to solvent sp2 C-D 
and complex Y-H bonds, and does not occur with the sp3 C-H 
bonds of the C5Me5 and C5Me4CH2, can be explained by 
σ-bond metathesis following a [2s + 2s + 1a1] mechanism9 as 
has been proposed for Sc and Lu compounds.10 
A similar mechanism also presents a plausible explanation 
for the formation of (2) from (1) (Scheme 1, route A). If route 
B were followed, interaction with the solvent would be 
expected and, e.g. in benzene (C5Me5)2YPh would be formed. 
However, no trace of this compound was detected when the 
thermolysis of (1) was carried out in benzene (75 °C). Only 
(2) was isolated. 
‡ I.r. (KBr, Nujol, cm-1) 2720w, 1335w, 1240m br., 1155w, 1045w, 
1020m, 920s, 810s, 795m, 660m, 640w, 590s, and 570w. 
The formation of (2) provides the first example of a 
bis-yttrium-monohydride, a type of species which has never 
been observed in organo group 3 and f element complexes 
before. It is also the first example of an isolated compound 
with a C5Me4CH2 ligand for these elements, obviously in a 
bridging position. 
Received, 16th December 1985; Com. 1760 
References 
 1 P. L. Watson, J. Chem. Soc., Chem. Commun., 1983, 276; J. Am.
Chem. Soc., 1983, 105, 6491. 
 2 F. G. N. Cloke, J. C. Green, M. L. H. Green, and C. P. Morley, 
J. Chem. Soc., Chem. Commun., 1985, 945. 
 3 J. E. Bercaw, R. H. Marvick, L. G. Bell, and H. H. Brintzinger, 
J. Am. Chem. Soc., 1972, 94, 1219; C. McDade, J. C. Green, and 
J. E. Bercaw, Organometallics, 1982, 1, 1692. 
 4 F. Bottomley, G. O. Egharevba, I. J. B. Lin, and P. S. White, 
Organometallics, 1985, 4, 550. 
 5 J. W. Pattiasina, C. E. Hissink, J. L. de Boer, J. H. Teuben, A.
Meetsma, and A. L. Spek, J. Am. Chem. Soc., 1985, 107, 7758 
 6 K. H. den Haan and J. H. Teuben, Recl. Trav. Chim. Pays-Bas, 
1984, 103, 333. 
 7 K. H. den Haan, Y. Wielstra, and J. H. Teuben, manuscript in 
preparation. 
 8 W. J. Evans, J. H. Meadows, A. L. Wayda, W. E. Hunter, and 
J. L. Atwood, J. Am. Chem. Soc., 1982, 104, 2008. 
 9 M. L. Steigerwald and W. A. Goddard III, J. Am. Chem. Soc., 
1984, 106, 308. 
10 P. L. Watson and G. W. Parshall, Acc. Chem. Res., 1985, 18, 51. 
 
